Background and Purpose-Mannitol is used worldwide to treat acute stroke, although its efficacy and safety have not been proven by randomized trials. Methods-In a tricenter, prospective study, we analyzed the 30-day and 1-year case fatality with respect to mannitol treatment status in 805 patients consecutively admitted within 72 hours of stroke onset. Confounding factors were compared between treated and nontreated patients. Results-Two thirds of the patients received intravenous mannitol as part of their routine treatment (mean dose, 47Ϯ22 g/d; mean duration, 6Ϯ3 days). The case fatality was 25% versus 16% (Pϭ0.006) at 30 days and 38% versus 25% (PϽ0.001) at 1 year in the-mannitol treated and nontreated groups, respectively. Mannitol treatment effect was adjusted for age, stroke severity, fever in the first 3 days, and aspirin treatment (for ischemic strokes) in logistic regression models. Depending on the factors entered into the model, either no effect or harm could be attributed to mannitol. When the analysis was restricted to those admitted within 24 hours (nϭ568), case fatality differed significantly only at 1 year (35% in treated and 26% in nontreated patients, Pϭ0.044). Although the prognostic scores of the Scandinavian Neurological Stroke Scale were similar in treated and nontreated patients, both in ischemic and hemorrhagic strokes, the patient groups differed in several factors that might also have influenced survival. Conclusions-Based on the results of this study, no recommendations can be made on the use of mannitol in acute stroke, and properly randomized, controlled trials should be performed to come to a final conclusion. 
T he role of mannitol therapy in acute stroke is controversial. Because of its osmotic effect, mannitol is assumed to decrease cerebral edema. Mannitol might improve cerebral perfusion by decreasing viscosity, and as a free-radical scavenger, it might act as a neuroprotectant. Among the possible adverse effects, fluid and electrolyte imbalances, cardiopulmonary edema, and rebound cerebral edema have been listed. Mannitol can activate the process of apoptotic cell death and has the potential to activate the inflammatory mediators that aggravate the neuronal injury due to ischemia. 1 In acute stroke, mannitol preferentially shrinks the nonaffected parts of the brain. 2 In patients with cerebral edema after large, hemispheric infarction, acute mannitol use did not alter midline tissue shifts. 3 Although mannitol decreases elevated intracranial pressure after stroke 4 and results in increased cerebral perfusion pressure and brain oxygenation in large, hemispheric strokes, 5 its overall effect on stroke outcome is unclear. Clinical observations could not prove the beneficial effects of mannitol in ischemic or hemorrhagic strokes in humans, 6, 7 and a systematic review of randomized trials could not draw a conclusion on the effects of mannitol in acute stroke. 8 Despite the lack of evidence of an obvious benefit, mannitol has been used to treat human stroke for Ͼ30 years, and both American and European guidelines 9, 10 mention its use in certain clinical conditions of acute stroke. In an initial analysis of almost 1000 consecutively admitted stroke patients, we found that mannitol treatment was associated with a higher hospital case fatality, regardless of the age of the patient and the level of consciousness on admission. 11 We could not decide whether this higher case fatality was caused by the effect of mannitol or by differences in prognostic factors other than age and disturbance of consciousness between the treated and nontreated patients. Therefore, in the present article, by considering several additional prognostic and confounding factors, we analyzed the case fatality at 30 days and 1 year after stroke in the same cohort in a prospective, observational study to see whether mannitol treatment results in obvious benefit or harm when administered to patients admitted within 72 hours of stroke onset. We further analyzed those admitted within 24 hours, and within this group, we investigated those with ischemic and hemorrhagic strokes.
Methods
The database of the Mures-Uzhgorod-Debrecen study 12 was analyzed. Data of all patients consecutively admitted with acute cerebrovascular disease between October 1, 1999 and September 30, 2000 to the 3 centers were prospectively entered into a database. The database includes information on risk factors; patient condition on admission, including prognostic and long-term items of the Scandinavian Neurological Stroke Scale 13 (SNSS); treatment on the ward; and condition at discharge. For discharge condition, outcome according to the International Stroke Trial 14 was used, with a minor addition. Follow-up was performed at 30 days and 1 year after stroke by personal visits, postal questionnaires, or telephone calls to the patients, their relatives, or their family practitioners. From the current analysis, we excluded those with transient ischemic attack, cases of subarachnoid hemorrhage, and those who were admitted after 72 hours of stroke onset. The study was approved by the ethics committee of the University of Debrecen.
The database was originally designed for epidemiological and audit purposes and not to test treatment effects in a controlled fashion; therefore, some information important for the present analysis had to be additionally obtained. Such information was extracted from the patients' documents retrospectively for this analysis.
The following factors were considered in the analysis: age; prestroke dependency; time to admission from stroke onset; diabetes; previous stroke, malignancy, and peripheral arterial disease in the history; smoking status; serum glucose level on admission; disturbance of the level of consciousness (LOC) on admission; the prognostic and long-term scores according to the SNSS (smaller SNSS scores indicate more severe strokes); white cell count in the first 3 days after admission; fever in the first 3 days after admission, defined as axillary temperature Ͼ37°C; fever at any time during the hospital stay; chronic obstructive pulmonary disease; atrial fibrillation during the hospital stay; antibiotic use, aspirin treatment, and heparin treatment during hospitalization; respirator use other than during attempts of resuscitation; and nasogastric tube feeding.
Continuous variables were compared by ANOVA. Stroke scale scores were compared by the Mann-Whitney test. The Pearson 2 test was used to compare frequencies. Logistic regression models were used to evaluate whether 30-day and 1-year case fatalities depended on mannitol treatment status. In the models, survival was the dependent variable, and those factors that were found to be different by univariate analyses between the treated and nontreated groups were entered as continuous predictors or categorical factors. We used Statistica for Windows, version 6.1 (StatSoft) and the Proc Logistic procedure of SAS, version 8.02 (SAS Institute).
Results

Characteristics of Patients
Of the acute stroke patients registered in the database, 805 were admitted within 3 days of stroke onset. Of these patients, 666 had ischemic stroke. The meanϮSD age was 66Ϯ12.5 years; there were 471 men and 334 women. Time from stroke to admission was Ͻ24 hours in 568 patients; of these, 457 had ischemic and 111 had hemorrhagic strokes. Thirty-day and 1-year survival data were available for 782 of 805 (97%) and for 768 of 805 (95.4%) patients, respectively. The overall case fatality was 22.1% at 30 days and 33.6% at 1 year. Case fatality in the mannitol-treated subgroup was significantly higher both at 30 days (25% versus 16%, Pϭ0.006) and at 1 year (38% versus 25%, PϽ0.001).
Characteristics of Mannitol Treatment
Based on local traditions, in 2 of the centers (Debrecen and Targu Mures), mannitol was frequently administered, whereas at the third center (Uzhgorod), mannitol was rarely used. The rate of mannitol treatment significantly differed among the 3 centers but did not differ between sexes. Mannitol was given according to the discretion of the treating physician, and when given, the mannitol solution was administered intravenously for 3 to 10 days. The mean dose of mannitol was 47Ϯ22 g/d, and the mean duration of mannitol treatment was 6Ϯ3 days. Mannitol treatment was initiated on the day of admission in 97%, and only 3% of the patients received mannitol for worsening of their condition. Except for mannitol, no other osmotically active medications (glycerol, hypertonic saline, urea, etc) were used by the centers.
Comparison of Mannitol-Treated And Nontreated Patients
All Patients
Characteristics of the mannitol-treated and nontreated groups are given in Table 1 . Mannitol-treated patients were older, stayed longer in hospital, and had somewhat lower SNSS prognostic and long-term scores than did those who were not treated with mannitol. More of the mannitol-treated patients were dependent before their current stroke. Artificial ventilation and nasogastric tube feeding were more frequent in mannitol-treated patients. Of the 666 patients with ischemic strokes, aspirin was given to 72% of the mannitol-treated and to 50% of the nontreated patients (PϽ0.001).
Patients Admitted <24 Hours After Stroke
Mannitol use was Ͼ70% in those admitted within 24 hours, 56% among those admitted between 24 and 48 hours, and 31% among those admitted between 48 and 72 hours; ie, with a longer delay to admission, the application rate of mannitol significantly decreased (PϽ0.0001). Therefore, we performed a separate analysis in the subgroup of those 568 patients who were admitted within the first 24 hours after stroke onset, and within this group, 2 further analyses were performed for those with ischemic and hemorrhagic strokes.
Characteristics of the patients admitted within 24 hours of stroke onset are given in Table 2 . Mannitol use was the same in ischemic and hemorrhagic strokes. The proportion of prestroke dependency was 3.6% in nontreated and 13.5% in mannitol-treated patients (PϽ0.001). Fewer patients in the mannitol group were smokers. Disturbance of consciousness on admission was more frequent in the nontreated group, whereas fever within the first 72 hours, respirator use, and nasogastric feeding was more common in the mannitoltreated group. Although SNSS prognostic scores were similar, there was a tendency in the mannitol-treated group for a higher 30-day case fatality (23% versus 17%, Pϭ0.13). The marginally lower long-term SNSS score was associated with higher 1-year case fatality in the mannitol group.
Outcome in All Patients
Odds ratios and their 95% confidence intervals for survival regarding mannitol treatment status, after adjustment for other variables, are given in Table 3 . Without considering other factors, mannitol treatment was associated with significantly decreased odds of 30-day and 1-year survival (Pϭ0.005 and Pϭ0.0002, respectively). When mannitol treatment status was adjusted for age and the presence of disturbance of consciousness on admission, mannitol still seemed to have an adverse effect (PϽ0.0028 for 30-day and PϽ0.0017 for 1-year survival). When the prognostic score of the SNSS (ie, the sum score of the LOC, eye movements, and arm and leg strength items; score range, 0 to 22) was used in the model instead of the presence or absence of disturbance of consciousness, mannitol treatment did not have a significant effect on survival (Pϭ0.1931 and Pϭ0.1241 for 30-day and 1-year survival, respectively).
Case fatality at 1 year was 38% in the mannitol group and 25% in the nontreated group (Pϭ0.0002). Age, presence of a disturbance of consciousness on admission, and mannitol treatment were significantly associated with 1-year case fatality (PϽ0.002 for all). In an extended model, age (PϽ0.001), SNSS long-term score (PϽ0.001), and fever in the first 72 hours (Pϭ0.011) were significantly associated with case fatality, whereas mannitol treatment had no effect (Pϭ0.8).
Outcome in Patients Admitted Within 24 Hours of Stroke Onset
In those admitted in the first 24 hours of stroke, case fatality was significantly associated with mannitol treatment at 1 year but not at 30 days (Pϭ0.0388 and Pϭ0.12, respectively; Table 3 ). When the effect of mannitol was adjusted for age and the presence of disturbed LOC on admission, mannitol had a significant adverse effect on both 30-day and 1-year survival (Pϭ0.024 and Pϭ0.0277, respectively). When the SNSS prognostic score was used instead of the LOC, the effect of mannitol became nonsignificant. 
Ischemic Stroke Patients Admitted Within 24 Hours
When the analysis was further restricted to those 457 patients who had ischemic stroke and were admitted within 24 hours, mannitol treatment status was not associated with 30-day case fatality (15% in treated and 12.7% in nontreated groups, Pϭ0.51). SNSS prognostic score and case fatality at 30 days and 1 year are shown in Figure 1 . The SNSS prognostic score was 16.3Ϯ5.6 and 16.8Ϯ5.4 in the treated (nϭ315) and nontreated (nϭ142) patients, respectively (Pϭ0.21). There was no difference in the frequency of patients with disturbed LOC on admission (Pϭ0.08). Respirator use was similar, whereas nasogastric tube feeding was more frequent in the mannitol group. SNSS long-term score was 26.8Ϯ14.7 and 29.9Ϯ15.3 in the treated and nontreated groups, respectively (Pϭ0.01). Case fatality at 1 year was 27.7% in treated and 22.9% in nontreated patients (Pϭ0.28). Although mannitol treatment had the tendency to increase the chances for survival, when treatment effect was adjusted for age, SNSS long-term score, fever in the first 3 days, and aspirin treatment in the acute phase (odds ratio, 1.869; Table 3), the confidence intervals were wide and included the possibility of harm.
Cerebral Hemorrhage Patients Admitted Within 24 Hours
Of the 111 patients with cerebral hemorrhages, 84 were treated and 27 were not treated with mannitol. Although treated patients were older than nontreated patients (65.0Ϯ12 and 56.3Ϯ12.3 years, respectively; Pϭ0.002), they had similar scores on both the prognostic and long-term items of the SNSS (10.5Ϯ6.5 versus 10.1Ϯ6.4, Pϭ0.82, and 15.0Ϯ14.1 versus 13.6Ϯ13.4, Pϭ0.74, in treated and nontreated patients, respectively) and had similar white cell counts and glucose levels on admission than nontreated patients. Disturbance of the LOC on admission was more frequent in the nontreated group (Pϭ0.02). Treated and nontreated patients did not differ significantly regarding the 
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frequency of prestroke dependency, chronic obstructive pulmonary disease, malignancy, fever in first 72 hours, atrial fibrillation, antibiotic use, respirator use, and nasogastric tube feeding. Case fatality was not significantly higher in the treated group at 30 days and 1 year (52% versus 41%, Pϭ0.31, and 62% versus 44%, Pϭ0.12; Figure 2 ). Although the odds ratios for survival were Ͻ0.6 in all models (Table 3) , suggesting an adverse effect of mannitol treatment, the 95% confidence intervals were wide and included the possibility of a beneficial effect.
Discussion
Although the results of observational studies on treatment effects and on case fatality should be very cautiously interpreted because of the potential of large biases, 15 the results were surprising to us. In contrast to the expected favorable effect of mannitol, we could not find any association between mannitol use and better prognosis at 30 days and 1 year after stroke. Depending on the factors included in the logistic regression models, mannitol either did not have a significant effect on case fatality or was associated with an adverse outcome. Of the neurologic signs on admission, in the analysis we first used only the LOC, because among the clinical signs, this was found to be the most significant prognostic factor in ischemic and hemorrhagic strokes. 16, 17 When disturbed LOC and age were used as confounding factors in the model, mannitol had a significant negative effect. However, when LOC was changed to a more complex, quasi-continuous index of neurologic damage, ie, the prognostic score of the SNSS including LOC, eye movements, and severity of paresis of the affected upper and lower extremities, the effect of mannitol became nonsignificant. When the analysis was restricted to those who were admitted within 24 hours, the findings were similar. The fact that mannitol use was associated with higher shortterm and long-term case fatality in the total group might be partly or totally explained by the differences between treated and nontreated patients in prognostic factors. The absolute difference in SNSS prognostic scores between treated and nontreated patients was small, though statistically significant, in the total group, but was not significant in the subgroup comparisons. Most prognostic and confounding factors did not differ significantly between treated and nontreated patients admitted within 24 hours with ischemic stroke, and several factors were even more favorable for treated patients in the hemorrhagic subgroup.
This analysis has several limitations. First, this is a prospective, observational study and not a randomized, controlled trial; therefore, selection bias could have affected the results. Second, computed tomography (CT) was performed in only 73% of the patients, and in 10% of the patients, no lesion was detected. In these patients, no repeated scans were performed. Therefore, it was not possible to perform an analysis by the volume of the lesions. It has been reported that although a visible infarct on the CT scan is associated with adverse prognosis, at least 30% of patients with ischemic strokes have normal CT scans. 18 Third, there were missing data for some of the patients for several parameters; eg, white cell count was present for Ͼ95% of patients, but data for glucose level on admission were missing in close to 20% of patients. Fourth, mannitol was administered according to the discretion of the treating neurologist, and the dose of mannitol used and the duration of treatment varied. We attempted to analyze the effect of mannitol on case fatality by considering as many confounding factors as possible. It was not possible to enter into the model all factors that possibly influence short-and long-term survival. Depending on the number and type of prognostic factors used in the multivariate analysis, mannitol had either a nonsignificant or an adverse effect. This observational study does not prove that mannitol is harmful if given for acute stroke, but it raises concerns and emphasizes the need for properly designed, randomized, clinical trials to decide whether the practice of routine mannitol use in patients with acute stroke is justified, should be restricted to subgroups, or should be stopped altogether. 
